Background: To assess the efficacy, safety, tolerability and pharmacokinetics of BIBF 1120 in patients with stage IIIB/IV non-small-cell lung cancer (NSCLC).
introduction
Most patients with non-small-cell lung cancer (NSCLC) present with advanced or metastatic disease. Due to the high relapse rate, prognosis is poor even for patients presenting with earlier stages of disease.
Multiple signalling pathways, such as the vascular endothelial growth factor (VEGF) pathway, are dysregulated during NSCLC progression. The vascular endothelial growth factor receptor (VEGFR) is a major regulator of angiogenesis, a process that is essential for tumour growth and metastasis [1] . In NSCLC, increased microvessel count, often used as a measure of angiogenesis, has been correlated with poor prognosis [2] and associated with advanced disease and inferior outcomes [2] [3] [4] [5] . VEGF also promotes endothelial cell proliferation and survival and increases vascular permeability [6] . Moreover, increased tumour expression of VEGFR correlates with inferior prognosis in NSCLC [5, [7] [8] [9] [10] .
Platelet-derived growth factor receptor (PDGFR) also has a role in promoting angiogenesis, tumour growth and metastasis [11] . Along with the fibroblast growth factor receptor (FGFR), PDGFR regulates the migration and adherence of pericytes and smooth muscle cells to endothelial cells, providing support and stability to vessel walls.
BIBF 1120 is a potent tyrosine kinase inhibitor that simultaneously inhibits VEGFR 1-3, FGFR 1-3 and PDGFR a, b [12] . Phase I clinical data show that BIBF 1120 has a favourable safety profile and is well tolerated up to a maximum tolerated dose (MTD) of 250 mg twice daily (b.i.d.) [13] .
The primary objective of this double-blind phase II study was to investigate the activity of continuous BIBF 1120 monotherapy in second-and third-line patients with advanced NSCLC and to confirm the safety of 250 mg BIBF 1120 b.i.d. In previous phase I monotherapy studies, BIBF 1120 demonstrated encouraging antitumour activity in patients with advanced solid tumours [13] , and patients with NSCLC, in combination with pemetrexed [14] . Primary end points were progression-free survival (PFS) and objective tumour response according to RECIST. Secondary end points were overall survival (OS), clinical benefit, incidence and intensity of adverse events (AEs) and pharmacokinetics.
methods study population
Eligible patients were of either gender, aged ‡18 years with histologically or cytologically confirmed stage IIIB (including pleural effusion) or IV advanced NSCLC. Participants had recurrent disease after chemotherapy (including one platinum-based chemotherapy) and an Eastern Cooperative Oncology Group (ECOG) criteria score of 0-2 [15] . Other inclusion criteria were ‡1 measurable tumour lesion according to RECIST [16] , adequate haematopoietic bone marrow, renal and hepatic function and normal coagulation parameters.
Exclusion criteria included the following: a haemorrhagic or thrombotic event in the past 12 months, clinically significant haemoptysis within the last 3 months, concurrent anticoagulation or antiplatelet therapy, radiographic evidence of cavitary or necrotic tumours, symptomatic brain metastases or brain metastases requiring therapy and significant comorbidities or cardiovascular diseases.
study design
The study was carried out in compliance with the Declaration of Helsinki (1996), the ICH Harmonised Tripartite Guideline for Good Clinical Practice (GCP) and applicable regulatory requirements. Patients provided written informed consent. The protocol was approved by the respective local ethics committees and the competent authority.
Patients were randomly allocated without stratification to receive 250 mg BIBF 1120 b.i.d. or 150 mg BIBF 1120 b.i.d.; in the event of side-effects requiring treatment interruption or discontinuation, a dose reduction was permitted to 150 mg b.i.d. or 100 mg b.i.d., respectively. Such events were pre-specified as drug-related vomiting and nausea Common Terminology Criteria for Adverse Events (CTCAE) Grade ‡2 for five or more consecutive days; drug-related diarrhoea CTCAE Grade ‡2 for ‡8 consecutive days and/ or drug-related hypertension CTCAE Grade ‡3; drug-related alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST) elevation CTCAE Grade ‡3 or ALT and/or AST elevation CTCAE Grade ‡2 in conjunction with bilirubin CTCAE Grade >1; all other drug-related nonhaematological and haematological toxic effects of CTCAE Grade ‡3, except isolated gamma glutamyl transpeptidase (GGT) increases and all other drug-related nonhaematological and haematological toxic effects of CTCAE Grade 2 leading to treatment interruption for ‡14 consecutive days.
outcome measurements
PFS was defined as the time from first BIBF 1120 administration to tumour progression, the appearance of new tumour lesions, patient death or last radiological assessment. For patients without PFS events, this was the date when the patient was censored. Response was measured by tumour assessments at baseline and every 6 weeks until disease progression according to RECIST.
Secondary end points included evaluation of stable disease (SD), partial response (PR) or complete response; OS; changes in quality of life according to the European Organization for Research and Treatment of Cancer Core Questionnaire (EORTC QLQ)-C30 and the lung cancer module EORTC QLQ-LC13 [17] . Questionnaires were distributed before clinical assessment and before patients were provided with any new information about their disease. Both questionnaires were completed at screening, Visit 2 and at 6 weekly intervals. Disease-related symptoms were assessed at screening, Visit 2 and every 2 weeks.
AEs, vital signs and laboratory measures were evaluated by the CTCAE, version 3.0 [18] . Blood samples for laboratory safety assessments were collected at screening, weekly within the first 4 weeks of treatment, every two weeks until week 13 and thereafter every 3 weeks; in cases of drugrelated toxicity CTCAE Grade >1, sampling was carried out weekly. When toxicity declined to CTCAE Grade £1 in two consecutive visits, the standard schedule of safety laboratory measurements could be carried out.
pharmacokinetic analysis
Pharmacokinetic sampling was carried out on days 1 and 43. Venous blood was collected before and 1, 2 and 3 h after BIBF 1120 administration. Trough levels of BIBF 1120 were assessed following sampling before the first daily dose on key mandatory visits. BIBF 1120 plasma concentrations were analysed by high-performance liquid chromatography-tandem mass spectrometry. The lower limit of quantification was 0.5 ng/ml; the calibration curves were linear in a concentration range of 0.5-500 ng/ml plasma using a plasma volume of 200 ll. Pharmacokinetic parameters were summarised by descriptive statistics.
statistical methods
The objective of this explorative phase II trial was to investigate the differences in efficacy and safety between the two doses of BIBF 1120 in an exploratory manner. In keeping with this objective, all efficacy and safety end points were analysed and presented. This exploratory study used the ranking and selection approach described by Simon et al. [19] to determine the sample size. Using this method, 35 patients in each of the two treatment groups were expected to provide a 90% chance of showing 250 mg b.i.d. to be numerically superior to 150 mg b.i.d., if the true underlying difference was at least 15%. Monotherapy with chemotherapy, such as docetaxel or pemetrexed, showed a response rate of 7%-9% in second-and third-line NSCLC patients [20, 21] . However, due to the general mode of action of antiangiogenic compounds, tumour stabilisation rather than responses was expected with a median PFS of 2.9 months [20] .
For PFS and OS, treatment groups were compared using an unstratified log-rank test among all treated patients. Efficacy analyses were carried out for all patients and separately among patients with ECOG 0-1. Evidence of tumour shrinkage was assessed by comparing doses in terms of the best RECIST evaluation and maximum decrease from baseline in the sum of tumour diameters. The distribution of BIBF 1120 and BIBF 1202 plasma concentrations was graphically assessed and summarised by time point using descriptive statistics. The one-sided Fisher's exact test was used to compare treatment arms for key safety parameters. Patients with ECOG 0-1 had a median OS of 37.7 weeks (Figure 3 ). The risk of death was significantly associated with baseline tumour size, baseline ECOG and the presence of liver metastases (P < 0.01). Subgroup analyses showed no difference in PFS between squamous cell carcinoma patients and those with nonsquamous cell carcinoma.
Best tumour response data as assessed by the investigator for all treated patients are shown in Table 2 . Tumour stabilisation (defined as such if a patient's first overall disease assessment at 6 weeks was SD, complete response or PR) was achieved in 46% of all patients and 59% in patients with ECOG 0-1. One confirmed PR was observed in the high-dose cohort. Three patients maintained clinical benefit (a patient was considered to have clinical benefit until the date of occurrence of progressive disease) for >1 year, with one (in the 250 mg b.i.d. group) sustaining a 74% reduction (PR) in tumour size for up to 9 months. Four patients achieved a maximum decrease of at least 25% in tumour size. Among patients with ECOG 0-1, both doses of BIBF 1120 had comparable efficacy, with 16 patients With respect to physical functioning and global health status, 67.8% and 82.1% of all patients remained stable or showed an improvement within the first 42 days as measured by the EORTC QLQ-C30. More than 50% of patients reported stable or improved cough, dyspnoea and pain on day 42 (87.5%, 58.9% and 57.1% for each symptom, respectively) as measured by the EORTC QLQ-LC13. Twenty-two per cent of patients discontinued before day 42 (19% and 26% for the 150 mg BIBF 1120 b.i.d. and 250 mg BIBF 1120 b.i.d. dose cohorts, respectively).
safety
Independent of relatedness, all 73 patients experienced at least one AE during the study period; most were CTCAE Grade 1 or 2. The most frequently reported drug-related AEs are listed in Table 3 . The most commonly reported drug-related AEs were nausea (57.5%), diarrhoea (47.9%), vomiting (42.5%), anorexia (28.8%), abdominal pain (13.7%) and elevations of ALT (13.7%) and AST (9.6%) across all dose groups.
As shown in Table 3 , patients treated with the higher dose had more CTCAE Grade ‡3 AEs compared to patients treated original article
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The overall safety pattern was similar between patients with squamous and nonsquamous cell cancer histology and predominantly related to gastrointestinal AEs, such as nausea, vomiting or diarrhoea (data not shown). There was no significant difference in the frequency of CTCAE Grade 1 or 2 AEs of squamous versus nonsquamous cell cancer patients. However, there was a higher overall frequency of CTCAE Grade 3 or 4 AEs for squamous versus nonsquamous cell cancer patients (35.3% versus 21.4%). This difference was mainly related to dyspnoea (29.4% versus 14.3%), vomiting (5.9 versus 3.6%) and nausea (11.8% versus 7.1%). Three squamous cell cancer patients (17.6%) had haemoptysis of CTCAE Grade 1 compared with two patients (3.6%) with nonsquamous cell cancer histology. One squamous and one nonsquamous cell cancer patient died due to significant pulmonary bleeding, with both events being considered unrelated to BIBF 1120.
No CTCAE Grade >2 hypertension, haematological toxic effects or significant skin alterations were observed. Grade 3 AEs largely comprised nausea, diarrhoea and increased ALT levels and were of higher frequency in the 250 mg b.i.d. dose group (10 patients, 27.8%). Grade 3 increased ALT levels were only reported in patients receiving 250 mg b.i.d. BIBF 1120 (19.4%). Three patients (8.3%) in the 250 mg b.i.d. dose group experienced Grade 3 GGT elevations and one patient (2.8%) experienced a Grade 3 AST elevation. Of the seven patients with a Grade 3 ALT increase, two required dose reductions and two permanently discontinued from the study. All seven patients recovered. Twenty patients of 37 (150 mg b.i.d., n = 18; 250 mg b.i.d., n = 19) discontinued BIBF 1120 treatment due to AEs that were solely attributed to disease progression. The remaining patients discontinued treatment due to other events, such as nausea, vomiting and elevated hepatic enzymes. All patients recovered from these events after BIBF 1120 discontinuation.
In 14 patients, drug-related AEs required treatment interruption or permanent discontinuation, with significantly more occurring in the 250 mg b.i.d. treatment group (150 versus 250 mg b.i.d., 5.3 versus 33.3%; P = 0.0025). Seven patients experienced Grade 3 ALT elevations, which were associated with increased AST in three patients and marginally increased bilirubin (up to a maximum of 1.3 mg/dl) in three patients. Other AEs included nausea and vomiting (n = 4 and n = 3, respectively). All patients recovered from these events.
There were 34 deaths during the study period (17 patients in each dose group). None were considered related to BIBF 1120 by the investigators but were considered related to underlying NSCLC. Thirty-one deaths were due to disease progression and three cases were attributed to general deterioration in physical health in the context of disease progression (one patient in the 150 mg b.i.d. group), haemorrhage (one patient in the 250 mg b.i.d. cohort) and haemoptysis (one patient in the 250 mg b.i.d. cohort).
pharmacokinetics
Steady state was reached by day 15 for both groups. As no pharmacokinetic sampling was carried out between days 1 and 15, steady state may have been reached earlier. gMean BIBF 1120 pre-dose plasma concentrations (C pre,ss ) on days 15, 29 and 43 were stable during this period for both doses (Table 4) , with no deviation from dose proportionality. Moderate-to-high interpatient variability of BIBF 1120 pre-dose plasma concentrations was observed. Within the 150 mg BIBF 1120 b.i.d. dose group, BIBF 1120 plasma concentrations increased (within the first 3 h after the first drug administration), with gMean BIBF 1120 values of 12.3 ng/ml (0.533-66.1 ng/ml) at 1 h, 13.2 ng/ml (0.754-46.6 ng/ml) at 2 h and 18.2 ng/ml (0.662-77.0 ng/ml) at 3 h after drug administration. Within the 250 mg BIBF 1120 b.i.d. dose group, BIBF 1120 plasma concentrations increased within the first 3 h after the first drug administration, with gMean BIBF 1120 values of 18.4 ng/ml (0.765-82.3 ng/ml) at 1 h, 28.1 ng/ml (0.557-161 ng/ml) at 2 h and 27.8 ng/ml (2.66-179 ng/ml) at 3 h after drug administration. There was only slight accumulation of BIBF 1120 plasma concentrations from day 1 to day 43 for both dose groups.
discussion
This study revealed that continuous daily treatment with BIBF 1120 is well tolerated and showed signs of clinical activity, particularly in ECOG 0-1 patients with advanced NSCLC. Patients with an ECOG score of 2 progressed rapidly within the first 6 weeks of treatment. There was no difference in efficacy between both doses tested, whereas the higher dose presented a higher frequency regarding some AEs.
PFS and median OS were comparable between both groups, and patients with ECOG 0-1 experienced a longer OS when compared with patients with ECOG 2.
Results demonstrate that BIBF 1120 displays efficacy in patients with ECOG 0-1 being comparable, regarding OS data, to historical phase II data of other VEGFR inhibitors in Continuous daily treatment with BIBF 1120 was generally well tolerated. The majority of AEs were mild to moderate and fully reversible gastrointestinal side effects, a typical class effect of small-molecule VEGFR-2 inhibitors [27] [28] [29] [30] . The overall frequency and intensity of these AEs were in the range observed in a previous phase I monotherapy study [13] . In phase I, the predominant dose-limiting toxic effects were reversible liver enzyme elevations, mostly in patients receiving BIBF 1120 doses above the MTD, suggesting a dose threshold for this particular AE. As in phase I, the most frequent AEs requiring dose adjustment or discontinuation were elevated liver enzymes. These elevations were fully reversible and responded rapidly within 2 weeks of treatment discontinuation or dose reduction.
Of the patients who experienced nausea, eight patients discontinued treatment. Of the remainder, 27 were treated with metoclopramide, two received dimenhydrinate and nine required treatment with a 5HT 3 receptor antagonist; no dose reductions were necessary. There were no differences in the frequency of nausea and vomiting between males and females nor was there a difference in the frequency of gastrointestinal AEs between dose groups. There were no treatment discontinuations as a result of diarrhoea, although three patients required a dose reduction and 17 patients required loperamide treatment.
Severe hypertension [24] and hand-foot syndrome are common side effects of other VEGFR/targeted inhibitors [24, 27, [31] [32] [33] . In this study, no patients suffered from hand-foot syndrome and no cases of severe hypertension were reported. Thromboembolic events were infrequent and were of maximum CTCAE Grade 2.
There was no deviation from dose proportionality detectable for the pharmacokinetic characteristics. The observed high interpatient variability may reflect the range of sampling times post-drug administration (8-14 h) .
Both BIBF 1120 doses demonstrated comparable efficacy; however, CTCAE Grade 3 AEs were observed at a higher frequency in the 250 mg b.i. 
